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In  a  previous  paper, 2 the  history  of  a  cat, a whose kidneys  were 
extirpated  and  replaced  by  the  kidneys  from  another  cat,  and 
whose  arteries  underwent  afterwards  extensive  calcification  was 
incompletely  reported.  It  was  the  first  observation  showing  that 
a  very  slight  morphological  change  of  the  kidney  might  be  fol- 
lowed  by intense  and  rapid  arterial  degeneration.  On  account  of 
the  importance  of  this  fact  it  seemed  advisable  to  summarize  the 
clinical  history  of  the  animal  and  to  describe  fully  the  gross  and 
microscopical  findings  of the  autopsy. 
The  animal  operated  on  was  a  young  adult  female  cat  in  ex- 
cellent health  which had lived in the laboratory  for several months. 
Her kidneys were  resected,  the  abdominal  aorta  was  dissected  and 
found  normal,  and  both  kidneys  from  a  middle  aged  female  cat, 
which  was  also  in  good  health  and  whose  arteries  were  normal, 
were  grafted  into  her  abdominal  cavity.  The  animal  recovered 
quickly  from  the  operation  and  her  life  went  on  just  as  before. 
Fifteen  days  after  the  operation,  both  kidneys  were  movable  and 
normal  in  size.  The  animal  urinated  and  lived  as  a  normal  cat. 
Seventeen days after  the  operation,  both  kidneys  were  found  very 
much  enlarged  and  fixed  to  the  lumbar  wall,  and  the  urine  con- 
tained  a  great  deal  of  albumin.  An  exploratory  laparotomy,  per- 
formed  on  the  eighteenth  day,  showed  both  kidneys  very  much 
increased in size.  Their consistency was softer than  normal.  The 
lumbar  peritoneum  was  incised  on  the  middle  line,  and  dissected. 
The  arterial  and  venous circulations  appeared  to  be normal.  The 
connective tissue of the hilus was oedematous, and clear fluid flowed 
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from  it.  The  wall  of  the  ureter  was  oedematous  also.  The  color 
of  both  kidneys  was  rosy  and  normal;  there  was  no  congestion. 
The peritoneum covering the  anterior  face of  the  right kidney was 
dissected  and  retracted  and the  capsule  incised; clear  fluid and  red 
blood  flowed  from the  incision.  Then  the  renal tissue was  incised 
and  found  cedematous,  but  not  congested.  An  abundant  hemor- 
rhage of  red blood followed, which was  controlled by suture of  the 
capsule  with  very  fine silk.  No  suture  of  the  lumbar  peritoneum 
was  made.  The  abdominal  wound  was  closed  as  usual.  After 
the  operation,  the  quantity  of  albumin  decreased  rapidly.  The 
size of the kidneys diminished progressively and was almost normal 
fifteen  days  afterwards.  Nevertheless  the  animal  became  emaci- 
ated,  and,  without  having  presented  any  definite  symptoms,  died 
on the thirty sixth day after  the transplantation. 
The  autopsy was  performed one hour and a  quarter after  death. 
Macroscopical examination.--On the abdominal wall,  two transverse scars  are 
observed.  The  lower  one  is  linear  and  hardly  discernable;  it  is  the  sear  of 
the  first  laparotomy.  The  upper  one,  a  little  wider  and  very  apparent,  is  the 
scar of the second laparotomy.  To palpation, these  scars  present extremely dif- 
ferent  characteristics.  The  scar  of  the  first  laparotomy  is  a  normal,  narrow 
and elastic scar,  while the scar of the second  laparotomy is very wide,  irregular, 
and  its  consistency  is  extremely  hard,  as  if  a  rib  had  developed  in  the 
abdominal wall. 
After incision of the wall, it is found that the scar of the first  laparotomy is 
entirely normal,  without  any  apparent  infiltration of  lime  salts.  On  the  con- 
trary,  the  scar  of the  second  laparotomy is  so  hard  that  it  is  difficult  to  cut  it 
with  the  scissors.  The  wall  is  infiltrated with  masses  of  lime  salts,  white  in 
color  and  almost  as  compact  in  structure  as  a  stone  of  the  urinary  bladder. 
Nevertheless,  at  the  level  of  this  scar,  the  peritoneum  appears  to  be  normal. 
It  presents  a  white  color,  which  is  due  merely to  the  deposit  of  lime  salts  in 
the  subperitoneal connective tissue. 
The  abdominal cavity  was  opened  by  a  large  transversal  incision.  There 
are a  few  adhesions of the great omentum to the  scar of the second  laparotomy 
and  no  adhesions  of  the  intestine.  There  is  no  fluid  in  the  abdominal cavity 
and the parietal peritoneum is normal everywhere. 
The  smaI1 intestine was  eviscerated.  Its  connections are  normal.  However, 
a  loop  of  the  first  part  of  the  jejunum is  adherent  to  the  scar  of  the  lumbar 
peritoneal incision made  during the  second operation, and  is  sharply kinked  at 
the level of the lower part of this incision.  Nevertheless, there  is no obstruction 
of the hnnen of the intestine.  The large intestine is normal.  The omentum and 
mesentery are normal.  The superior mesenteric artery is larger than normal; its 
consistency is  very hard,  and it can be broken by pressure  as though  it were  a 
glass tube.  It seems  also that the consistency and size  of the smaller mesenteric 
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The  stomach is  apparently  normal,  but  its  arteries  are  dilated  and  xery  bard. 
The  liver, the  spleen and  the pancreas are  normal. 
The kidneys are in their normal position and covered with normal peritonetun. 
The  cat  being  emaciated,  there  is  little  adipose  tissue  around  the  kidneys,  and 
the  peritoneum  is  very  transparent.  The  color  of  the  organs  is  normal,  and 
also  their consistency.  Their  size  is  slightly enlarged,  but  within normal  limits. 
They  are  movable  on  the  lumbar  wall,  as  normal  kidneys  are.  The  loop  of 
jejunum  which  was  adherent  to  the  incision  of  the  second  lumbar  peritoneal 
incision  having  been  detached,  it  is  found  that  the  scar  of  this  incision  is 
markedly  infiltrated  with  lime  salts.  By  examining  more  carefully  the  peri- 
toneum  covering the  right  kidney,  a  white  longitudinal  spot  is  seen  about  two 
centimeters  external  to  the  hilns.  This  spot  is  hard  in  consistency  and  com- 
posed  of  a  deposit of  lime  salts  in  the  subperitoneal  connective  tissue,  between 
the  peritoneum  which  is  sound  and  the  capsula  of the  kidney  which  also  is 
normal.  This deposit of lime salts corresponds approximately to the place where 
the  vertical  subperitoneal  exploratory  incision  of  the  right  kidney  was  made. 
The  healing of  this  incision  has  been  so  perfect  that  very  little  evidence of  it 
can  be  fotmd  by  a  most  carefnl  examination  in  the  capsule  or  in  the  renal 
substance.  Its  location  is  marked  only  by  the  iniiltration  of  lime  salts  into  the 
subperitoneal tissue,  which has  followed probably a  very small hemorrhage from 
tbe line of suture of the capstde.  The renal veins and arteries are normal in  size, 
direction  and  consistency.  The  connective  tissue  surrounding  them  is  normal 
also.  The  transplanted  segments  of  aorta  and  vena  cava  are  normal,  and  the 
anastomoses  are  excellent.  But,  the  line  of  suture  of  the  arterial  anastomoses 
is as hard as a  ring of wire, and there is a  sharp difference at  this point between 
the  transplanted  aorta  which  is  elastic  and  soft,  and  the  host's  aorta  which  is 
as  hard  as  glass. 
The  ureters  are  normal.  A  few  centimeters below the  kidneys,  they  become 
adherent  to  each  other  and  enter  the  peritoneal  cavity  through  the  lower  part 
of  the  lumbar  peritoneal  incision.  After  having passed  along  the  right  side  of 
the  rectum and  above  the uterus,  they  reach the bladder.  They  are  in  excellent 
condition  and  their  small  vessels  appear  to  be  normal.  The  transplanted  flap 
of bladder  is perfectly united  to  the  bladder which is  normal  in  appearance  and 
in  size.  Its  anterior face  is  longitudinally incised.  About  five cubic  centimeters 
of  yellow  clear  urine,  containing  albumin  are  found.  The  openings  of  the 
ureters  are  distinctly seen and  are  normal.  The transplanted mucous  membrane 
is  normal  and  the  scar  between  it  and  the  mucous  membrane  of  the  host  is 
almost undiscernable. 
Then  the  kidneys  were  dissected  and  directly  examined.  The  capsule  is 
normal in  appearance.  At tbe level of the anterior face of the  left kidney, there 
is a  narrow brownish line which is probably the scar of the exploratory incision. 
The  adhesion of the  capsule  to  the  kidneys  is  normal,  and  not  increased at  the 
level  of  the  scar.  There  is  no  dilatation  of  the  stellate  veins.  Both  kidneys 
were  opened.  There  is  no  dilatation  of  the  pelvis.  The  relative  dimensions of 
the  cortex  and  medulla  are  normal.  The  medulla  is  normal.  The  cortex  is 
normal  but  a  little pale. 
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Ii1  opening  the  thoracic  cavity  it  is  found  that  tim  cartilaginous  part  of 
the  ribs  is  very  hard  and  friable  and  intensely  calcit~ed.  The  internal  mam- 
mary  arteries  are  also  calcified.  The  pleura,  the  trachea  and  the  lungs  are 
apparently  norma].  On  a  macroscopic  section,  the  puhnonary  tissue  seems 
normal,  but,  on  palpation  its  consistency  is  found  to  be  greatly  modified  by 
the presence of a  great  many very  small  and  hard  foreign bodies.  These  were 
proved  to  be  the  calcified  ends  of  the  small  bronchioles.  The  larger  bronchi 
are  normal,  and  their  rings  do  not  present  any  calcification.  However,  thick 
calcific nodules are  found  from  distance to  distance on  the external layer  of the 
larger  bronchioles. 
The  heart  is  very  small,  much  smaller  than  the  heart  of  a  normal  cat  of 
similar  size.  There  is  no  apparent  calcification  of  the  coronary  arteries.  The 
valves  are  normal.  Nevertheless, as  the  aorta  is  very  much  dilated,  there  was 
probably  a  marked  degree  of  aortic  insufficiency.  The  arch  of  the  aorta,  the 
brachio-cephalic and  carotid  arteries,  and  the  descending  aorta,  have  the  con- 
sistency of glass tubing and  are  exceedingly friable.  The  arch  of the aorta  was 
incised  longitudinally.  It  is  very  hard  to  cut  with  the  scissors,  especially  near 
the  heart  just  above  the  sigmoid  valves.  There  is  at  this  level  a  very  large 
accunmlation of lime salt.  The dimensions of the vessel are very much increased. 
The  internal circumference of the aorta  near the heart is 26  millimeters, the same 
dimension in  a  normal  cat  being about  I8  millimeters.  The  internal  surface  is 
of  a  yellowish-white color,  with  a  reticular  appearance,  the  ele~-ated  parts  being 
more yellow and harder,  while the depressed parts are whiter and  a  little  softer. 
It corresponds to  the differences in  the intensity of the lime infiltration.  But  the 
wall,  over  the  entire  circumference of  the  vessel,  is  infiltrated  and  rigid.  It  is 
not  a  lesion  localized  in  a  few  patches,  but  a  diffuse  one  generalized  over  the 
whole vessel.  However, near the mouth of the brachio-cephalic arteries there are 
thicker  rings  of  lime  infiltration.  On  the  descending aorta,  the  infiltration  is  a 
little  less marked  and  more  regular. 
The  wail  of  the  aorta  is  thinner  than  normal  in  several  places.  On  the 
upper part of the arch, which is very much dilated, and, just in front of the mouth 
of  the  left  brachio-cephalic artery,  there  is  a  part  so  thin  that  it  would  have 
probably broken under the aortic pressure had the animal lived a  little longer. 
The  lesions of the pulmonary artery  are  very different.  The  dilatation  is  not 
marked  and  the  wall  has  an  ahnost  normal  consistency.  But  there  are  intense 
focalized calcific lesions.  Just  above  the  sigmoid valves,  on  the  convex part  of 
the vessel, there is  a  long calcified patch  of yellowish color,  seven millimeters in 
length,  and  raised  above  the  intima  to  a  height  of  more  than  one  millimeter. 
Other  patches  are  observed  near  the  bifurcation  of  tim  pulmonary  artery  and 
in  its  branches.  Between  the  patches  the  wall  seems  normal.  The  smaller 
branches of the pnhnonary arteries  are  found enlarged and  infiltrated with  small 
white patches. 
Diffuse  calcification  and  thick  circular  rings  are  found  on  the  wall  of  the 
carotid  arteries.  The  subclavian  and  humeral  arteries  assume  the  same  appear- 
ance.  Even the small muscular branches of the humeral  arteries are calcified. 
The  abdominal  aorta  presents  diffuse  lesions  almost  similar  to  those  of  the 
carotid  and  subclavian  arteries,  that  is,  diffuse  calcification  with  thicker  rings 
from  distance  to  distance.  These  lesions  stop  sharply  at  the  point  of  the 
anastomoses, and the transplanted aortic segment is soft and normal. 280  Calcification  of  the  Arterial  System  in  a  Cat. 
The  calibre  of  the  abdominal  aorta  is  very  much  increased.  The  cceliac 
artery  is  calcified  and  dilated.  The  upper  mesenteric  artery  is  also  completely 
calcified, and its lumen is as wide as  this of a  normal aorta. 
The  iliac  and  femoral  arteries  are  affected  with  similar  lesions. 
Microscopical  Examination.--The  specimens  were  fixed  in  Zenker's  fluid  and 
in  formalin  and  stained  in  h~ematoxylin  and  eosin.  The  arteries  were  cut 
without having been decalcified.  Some  of the  arterial  sections were  also  stained 
with  Weigert  elastic  tissue  stain.  Dr.  Simon  Flexner  had  the  kindness  to  look 
over  the  sections  for  me. 
The Kidneys.---Beneath  lhe  renal capsule,  in  the superficial  part of  the cortex, 
there  is  a  marked  cedema  which  extends  about  one  half  millimeter  downwards 
and  then  disappears.  It  is  not  regularly  diffused  but  is  more  marked  in  some 
places  than  in  others.  There  is  also  a  focalized  increase  in  connective  tissue 
immediately  beneath  the  capsule,  chiefly  about  greatly  dilated  blood  vessels, 
with  heavy  fibrous  walls.  The  latter  are  dilated  superficial  veins.  Surrounding 
them,  there  is  a  rich  infiltration  of  small  round  cells.  In  one  of  these  small 
veins,  an  organized  thrombus  projects  into  the  lmnen  of,  but  does  not  occlude 
the  vessel. 
The  secretory  tubules  are  on  the  whole  remarkably  well  preserved  and  there 
is  no  increase  in  connective  tissue  around  them.  On  the  other  hand,  groups 
of  collecting  tubules,  high  in  the  cortex,  occasionally  show  an  increase  in  the 
surrounding  connective  tissue,  dilatation  and  either  casts  or  cast  material, 
which  are  composed  in  part  of  disintegrated  blood  corpuscles.  Following  the 
collecting tubules  into  the  medulla,  one  finds  focalized  infiltrations around  them 
of  small  round  cells. 
In  the  glomeruli,  Bowman's  capsule  is  not  increased  in  thickness.  For  the 
most  part,  the  capillary  loops  fill  the  capsule.  The  endothelium  stains  sharply 
and  the  capillaries  contain  blood  corpuscles  and  no  excess  of  leucocytes.  The 
capillary walls  are  not  thickened.  There  is  no fluid  in  the  capsular  space. 
No  calcification  is  detected  in  any  of  the  renal  structures. 
The  liver,  the  spleen,  and  the  intestines  are  normal.  There  is  no  change 
in  their  small  vessels. 
There  is  no  lesiou  of  the  lungs.  But  the  cartilaginous  rings  and  plates 
of  the  middle  sized  and  small  bronchioles  are  intensely  calcified.  There  is  no 
calcification  of  the  rings  of  the  large  bronchi  and  of  the  trachea.  A  section  of 
the  upper  part  of  the  cervical  medulla  is  found  normal  and  there  is  no  lesion 
of  its  small vessels. 
The  suprarenal  glands  are  entirely normal. 
The  Arteries.--The  segment  of  aorta  which  was  examined  belonged  to  the 
middle part  of  the  descending thoracic  aorta.  The  intima appears  normal.  The 
muscular  coat  shows  a  very  great  reduction  in  the  number  of  the  nuclei  ordi- 
narily  present.  This  reduction  begins  to  be  visible  in  the  layer  beneath  the 
endothelium  and  becomes  progressively  more  marked  as  we  proceed  outwards 
toward  the  adventitia.  As the nuclei  disappear,  the  muscular  cells  become  more 
and  more  confluent  and  converted  into  a  highly  refractive  material.  As  the 
adventitia is approached, lime salts begin to be deposited.  The external museulo- 
elastic layers  of the media,  and the adventitia are extensively infiltrated with lime 
salts.  There  is  a  less  degree  of  calcification,  consisting  of  the  deposit  of  fine Alexis Carrel.  28t 
lime  granules,  in  the  middle  part  and  more  internal  part  of  the  media.  This 
latter is  not uniform  and  does  not  entirely enclose the  vessel.  Where  the  lime 
deposit  is  greatest,  there  is  an  abundant  infiltration  of  small  cells,  some  of 
which  show  polymorphic nuclei.  The  cells are  in  a  poor  state of  preservation, 
and these focalized areas correspond more or less closely to the so-called athero- 
matous  abscesses.  A  section  stained  for  elastic  tissue  shows  that  the  coarser 
elastic fibers remain but  are especially prone to rupture  in the  course of section. 
In the location described as resembling atheromatous abscess, the clastic tissue is 
.deficient  or very much broken up.  The  smaller blood vessels about the aorta do 
not  show  any calcification. 
The  carotid artery shows a  condition somewhat different to  that of the aorta. 
The entire muscular coat of the  artery has lost its nuclei.  Not one  remains.  It 
is converted into an  homogeneous  structureless membrane  richly infiltrated with 
lime  salts.  The  adventitia  is  relatively free  of  calcification.  The  elastic tissue 
stain  shows  that  the  elastic  framework  remains  but  the  fibrils have  coalesced 
~together  into  stands  of greater or  less thickness, showing in  transverse  sections 
a  parallel arrangement.  There  is no  fine  network present. 
No  section  has  been  made  at  the  level  of  the  most  marked  lesions  which 
took place on the arch of the aorta, and on the pulmonary artery. 
No attempt  will be made to explain the genesis of these degenera- 
tive  arterial  changes.  The  problem  contains  too  many  unknown 
quantities,  and  hypothesis,  however  ingenious,  would  have  very 
little  objective value.  Nevertheless  a  few  details  of  this  observa- 
tion  must  be  emphasized,  especially  as  regards  the  time  of  occur- 
rence  of  the  calcification,  its  localization,  and  its  relation  to  the 
renal  lesions. 
During  the first fifteen days  following the  double transplantation 
the  animal  was  in  normal  condition  and  no  calcification took  place 
as  was  shown  by the  anatomic  conditions  at  the  second  laparotomy 
and  by  the  normal  structure  of  the  .scar  of  the  first  laparotomy. 
Then,  the  kidneys  became  suddenly  enlarged,  and  the  lesion  noted 
at  the  laparotomy  performed  on  the  eighteenth  day  was  cedema 
of  all  the  transplanted  tissues,  for  which  no  mechanical  cause  was 
.discovered. 
The  calcification  took  place  during  the  eighteen  days  which 
elapsed between the second laparotomy  and  the death of the animal. 
The  calcification  was  localized  to  the  arteries,  costal  and  bron- 
chial  cartilages,  and  to  the  points  where  the  tissues  had  been  dis- 
turbed  by  incision,  or  even  merely  by  infiltration  of  a  little blood. 
It  was  a  remarkable  fact  that  no  calcification  was  found  in  any 
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and  the  renal  arteries  were  normal.  The  subperitoneal connective 
tissue  of  the  host  and  the  connective  tissue  of  the  hilus  of  the 
right  kidney  were  dissected  during  the  second  operation.  How- 
ever  the  connective  tissue  of  the  hilus  was  fimnd  normal  at  the 
autopsy, while the subperitoneal tissue was infiltrated with lime salts. 
The exploratory incision of the  right kidney was  perfectly cica- 
trized,  and  tl;ere  was  no  calcification at  all  of  the  renal  tissue  or 
the  capsule.  But  at  the  level  of  the  incision  in  the  subperitoneal 
connective  tissue  there  was  a  patch  of  lime  salts.  The  blood, 
which flowed from the edges of the renal structures, had produced 
a  deposit of lime salts in the tissue of the host, while it was harm- 
less  for the transplanted tissue. 
It must be  noticed also that the pathological changes undergone 
by the renal tissue were slight.  However, the kidneys are evidently 
responsible  for the occurrence of the arterial degeneration, directly 
or  indirectly.  Therefore,  this  observation  seems  to  show  that 
some  unknown condition  of  the  kidneys corresponding  merely  to 
unimportant morphological changes,  can  produce  rapid,  grave  and 
extensive arterial  lesions  associated  with  deposits  of  lime  salts  in 
them  and  in other  locations. 